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ABSTRACT 



A radiation detecting device comprising a radiation sensing 
element, and a layer of luminescent material to expand the 
range of wavelengths over which the sensing element can 
efficiently detect radiation. The luminescent material being 
selected to absorb radiation at selected wavelengths, causing 
the luminescent material to luminesce, and the luminescent 
radiation being detected by the sensing element. Radiation 
sensing elements include photodiodes (singly and in arrays), 
CCD arrays, IR detectors and photomultiplier tubes. Lumi- 
nescent materials include polymers, oligomers, copolymers 
and porphyrines, Luminescent layers include thin films, 
thicker layers, and liquid polymers. 

40 Claims, 6 Drawing Sheets 
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ENHANCED RADIATION DETECTORS 
USING LUMINESCENT MATERIALS 

CROSS-REFERENCE TO RELATED 

APPLICATIONS s 

This application claims the benefit of U.S. Provisional 
Application No. 60/044,636, filed Apr. 18, 1997. 

STATEMENT OF GOVERNMENT INTEREST 

10 

The United States Government has rights in this invention 
pursuant to Grant No. FG03-93ER45490 between the U.S. 
Department of Energy and the University of Utah. 

BACKGROUND OF THE INVENTION is 

The present invention relates generally to radiation 
detectors, and particularly to radiation detectors using radia- 
tion sensing elements whose range of detectable wave- 
lengths has been enhanced via the presence of luminescent 2Q 
materials. 

Description of Related Art 

Conventional radiation detectors utilizing photodiodes are 
generally limited in the range of wavelengths that they can 
detect; for example conventional silicon photodiodes are not 25 
efficient in detecting ultraviolet (UV) rays, and germanium 
photodiodes are generally used io the infrared (IR) range. It 
would be highly desirable to be able to extend the range of 
photodiodes and other radiation sensing elements (such as 
charge-coupled device arrays (CCD), photomultiplier tubes 30 
(PMT) and IR detectors) to be able to detect wavelengths 
with greater efficiencies than their present capability. 

U.S. Pat. No. 5,115,138 discloses "a UV detecting device 
comprising an external light shielding means, a fluorescent 
member disposed in said external light shielding means, a 35 
light entrance means, a means to extract UV rays and guide 
said rays to said fluorescent member, and a photodiode. The 
fluorescent member upon absorption of the UV rays 
fluoresces, said fluorescent radiation being detected by the 
photodiode. It would be highly desirable to be able to 40 
eliminate the need for external shielding means and the 
means for extracting UV rays from the incident light. In 
addition the device according to U.S. Pat. No. 5,115,138 
does not permit the determination of the wavelength of the 
radiation detected. 45 

U.S. Pat. No. 5,196,705 discloses a luminescing dye 
contained in a sensing sheet which luminesces in response to 
incident U V light in a selected range, said luminescent light 
being detected by a sensor. However these materials are 
limiting because of the difficulty of forming luminescent dye 50 
materials into thin films, and by its self quenching proper- 
ties. 

SUMMARY OF THE INVENTION 

55 

An object of the present invention is to enhance the ability 
of radiation sensing elements, particularly photodiodes, to 
detect radiation of wavelengths at greater efficiencies than 
their present capability and eliminate the drawbacks encoun- 
tered in the prior art described above. A further object is to $ 0 
provide a simple means to modify existing photodiodes in 
existing detector apparati thereby expanding their range of 
wavelength detection ability without having to replace the 
photodiodes. 

This and other objects can be achieved according to the 65 
present invention by selection of a material chosen from a 
class of materials that luminesce upon absorption of radia- 
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tion of the desired wavelength(s) to be detected. Such class 
of luminescent materials include polymers, oligomers, 
copolymers and porphyrines. These materials can be formed 
into thin films and are more stable in the U V range than other 
luminescent materials. The luminescent material is selected 
to be transparent to wavelengths longer than the desired 
wavelength(s) and will luminesce upon absorption of radia- 
tion at the desired wavelengths). In the present invention, a 
layer of this material is interposed between a source of 
incident radiation and a radiation sensing element such as a 
photodiode. The incident radiation strikes the luminescent 
material layer. Certain wavelengths of radiation are trans- 
mitted through the luminescent material layer, and other 
wavelengths are absorbed by the luminescent material layer 
causing it to luminesce. The photodiode detects the lumi- 
nescent radiation and incident radiation, registering a larger 
signal strength than would be measured by a photodiode 
without the luminescent layer present. 

In a preferred embodiment, the radiation sensing element 
is a silicon photodiode and the luminescent material is a 
carbon backbone polymer. In a further preferred 
embodiment, the carbon backbone polymer is poly [2,7'-(9, 
9-dioctylfluorene)]. The polymer is deposited as a film on 
the photodiode by means well known in the art. Incident 
radiation is shone directly onto the luminescent film. The 
resulting luminescent radiation and incident radiation is 
detected by the photodiode, indicating the presence of UV 
rays in the incident radiation. 

In another embodiment, the photodiode is a germanium 
photodiode. The luminescent material is selected to absorb 
in the visible light region and luminesce in the IR region. 
The luminescent material may be selected from the group 
consisting of polythiopherie, poly(paraphenylene vinylene) 
and poly (paraphenylene ethynylene). 

In other embodiments, the radiation sensing elements may 
include CCD arrays or photomultiplier tubes. 

In another embodiment, the luminescent material is a 
silicon backbone polymer. 

Other embodiments include photodiode arrays, and use of 
polymers in liquid form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an embodiment of the present invention 
comprising a photodiode and a luminescent material layer 
interposed between the photodiode and a source of incident 
radiation. 

FIG. 2 illustrates a means of detecting the presence of 
radiation at particular wave lengths utilizing the embodi- 
ment of FIG. 1 whereby the signals from a photodiode with 
the luminescent material layer is compared to that from a 
photodiode without the luminescent material layer. 

FIG. 3 illustrates an embodiment where the luminescent 
material is a liquid polymer, 

FIG. 4 illustrates an embodiment utilizing multiple pho- 
todiodes and luminescent material layers permitting deter- 
mination of the wavelength(s) of radiation absorbed by the 
luminescent layers. 

FIG. 5 illustrates another embodiment enabling determi- 
nation of the wavelength(s) of radiation absorbed by the 
luminescent layers. 

FIG. 6 illustrates an embodiment comprising an array of 
photodiodes each with a layer of luminescent material. 

FIG. 7 illustrates enhancement of a silicon photodiode 
response in the present invention, using PPEV, which is a 
copolymer of PPE and PPV. 
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FIG. 8 illustrates the absorption spectrum for PPEV. 

FIG. 9 illustrates the luminescence spectrum for PPEV. 

FIG. 10 illustrates enhancement of a silicon pbotodiode 
response in the present invention using poly [2,7'-(9,9- 
dioctylfluorene)], also called PF 8 . 5 

FIG. 11 illustrates the absorption spectrum of PF 8 . 

FIG. 12 illustrates the luminescence spectrum of PF 8 . 

In the figures, like or similar elements (such as the 
photodiodes) utilize the same reference characters through- 10 
out the various views. 

FIG. 13 illustrates an embodiment comprising encapsu- 
lating the radiation sensing element and layer of luminescent 
material to guide the emitted luminescent radiation to the 
radiation sensing element and to mitigate undesirable refrac- 1 5 
tion of said luminescent radiation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Abbreviations 20 

HO-PPP — poly (2,5-diheptyloxy paraphenylene) 

PPP — poly (paraphenylene) 

PPV — poly (paraphenylene vinylene) 

PPE — poly (paraphenylene ethynylene) 

PPEV — poly (paraphenylene ethynylene vinylene) 25 

PF 8 — poly [2,7'-(9,9-dioctylfluorene)] 

S-PPP — substituted poly (paraphenylene) 

IR — Infrared 

UV— Ultraviolet 

CCD — charge-coupled-device 30 

A first embodiment according to the present invention is 
described hereunder with reference to FIG. 1. 

Referring to FIG. 1, radiation detector 10 comprises a 
photodiode 1 and a luminescent material layer 11 interposed 
between the photodiode 1 and a source of incident radiation. 35 
The luminescent material is selected to absorb radiation at a 
selected wavelength, and is transparent to radiation at wave- 
lengths longer than the selected wavelength. Upon absorp- 
tion of the radiation, the luminescent material luminesces, 
said luminescent radiation being detected by the photodiode 40 
1. 

A second embodiment according to the present invention 
is described hereunder with reference to FIG. 2. 

Referring to FIG. 2, radiation detector system 20 com- 
prises a first photodiode 1 with a luminescent material layer 45 
21 interposed between the photodiode 1 and a source of 
incident radiation, and a photodiode la which does not have 
a luminescent material layer. Said luminescent material 21 is 
selected to absorb radiation at a selected wavelength, and is 
transparent to radiation at wavelengths longer than the 50 
selected wavelength. Upon absorption of the radiation, said 
luminescent material 21 luminesces, said luminescent radia- 
tion being detected by the photodiode 1. The signals regis- 
tered by photodiodes 1 and la are compared in comparator 
3, wherein a difference in signals denotes presence of 55 
radiation at the selected wavelength. 

A third embodiment according to the present invention is 
described hereunder with reference to FIG. 3. 

Referring to FIG. 3, radiation detector 30 comprises a 
photodiode 1 and a luminescent material layer 31 interposed 60 
between the photodiode 1 and a source of incident radiation. 
Luminescent material layer 31 is a liquid polymer. Lumi- 
nescent material layer 31 is contained in a transparent casing 
32. Use of polymers in liquid form enables utilization of 
certain polymers that would normally degrade in the pres- 65 
ence of oxygen or other gases. In addition, polymers degrade 
more quickly in high radiation level applications, such as in 



the UV region. In a further embodiment, transparent casing 
32 contains inlet and outlet ports to allow replenishment of 
the liquid polymer. Thus polymers that have been degraded 
can be replaced by fresh polymer. 

A fourth embodiment according to the present invention 
is described hereunder with reference to FIG. 4. 

Referring to FIG. 4, radiation detector 40 comprises a 
photodiode 1, a luminescent material layer 43 interposed 
between the photodiode 1 and a source of incident radiation, 
a second photodiode la adjacent to the luminescent material 
layer 43 and means to shield 45 the second photodiode la 
from the incident radiation. The second photodiode la 
registers only luminescent radiation resulting from absorp- 
tion of radiation by the luminescent material layer 43 where 
the luminescent radiation is directed to second photodiode 
la via wave guide action in the luminescent material layer 
43. In a further embodiment, the radiation detector 40 may 
further comprise additional pairs of luminescent material 
layer and photodiode (e.g. 44 and lb, respectively) to detect 
additional wavelengths of incident radiation. Having mul- 
tiple pairs of luminescent material layer and photodiode 
stacked in this fashion as a sandwich allows one to detect a 
range of wavelengths simultaneously. 

A fifth embodiment according to the present invention is 
described hereunder with reference to FIG. 5. 

Referring to FIG. 5, radiation detector 50 comprises a 
photodiode 1, and a plurality of material layers (collectively 
denoted 51) interposed between said photodiode and a 
source of incident radiation. The material layer immediately 
adjacent to the photodiode 50 is a polymer which absorbs in 
the desired wavelength spectrum and luminesces. The other 
material layers are chosen so as to form an interference filter 
so that only the select wavelength is directed to the lumi- 
nescent material layer. Hie material layers forming the 
interference filter may be polymer or non polymer materials. 
Another embodiment has one of the non luminescing mate- 
rial layers being a protective layer to protect the luminescent 
polymer layer. In a further embodiment, the protective layer 
is formed from a non polymer material, such as thin sap- 
phire. Protective layers formed from thin sapphire are trans- 
parent in the IR, visible and UV spectrum. Another embodi- 
ment includes tailoring the outermost (closest to the incident 
radiation source) material layer's spectral absorptance and 
IR emittance. This allows measuring of high energy wave- 
lengths such as in the UV region, while allowing rejecting of 
the absorbed energy as IR energy to maintain proper tem- 
perature of the detector. This tailored outermost layer could 
be formed from polymer and non-polymer materials. 

A sixth embodiment according to the present invention is 
described hereunder with reference to FIG. 6. 

Referring to FIG. 6, radiation detector array 60 comprises 
a plurality of photodiodes la, lb, lc, . . . In, etc. each having 
a luminescent material layer 61a, 61b, 61c, . . . 61n, etc. 
respectively, interposed between the photodiode and a 
source of incident radiation. Each luminescent material layer 
may be selected to absorb at a different selected wavelength. 
This allows the array to read a spectrum of wavelengths 
simultaneously, enabling elimination of a dispersive element 
commonly required in spectroscopy. Another embodiment 
utilizing a photodiode array is where each photodiode has a 
film of the same luminescent material. This provides an 
overall enhancement of the efficiency of the array, particu- 
larly useful in applications such as position and motion 
sensing. Instead of a photodiode array, a CCD array could be 
used with a film of luminescent material applied. This 
enhances the radiation detection efficiency and imaging 
capability of CCD arrays over a wider spectrum, such as in 
the UV region. 
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A seventh embodiment according to the present invention 
is described hereunder with reference to FIG. 13. Referring 
to FIG. 13, radiation detector 130 comprises a photodiode 
131 and a luminescent material layer 134 interposed 
between the photodiode 131 and a source of incident radia- 
tion. Photodiode 131 and 134 are encapsulated in material 
138. In this embodiment, the radiation sensing element 
(photodiode 131) and luminescent material 134, preferably 
poly [2,7'-(9,9-dioctylfluorene)], are encapsulated in mate- 



optical performance, such as thin sapphire windows to 
provide protection to the luminescent layer(s). 

Obviously numerous modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be practiced 
otherwise than as specifically described therein. 

What at is claimed is: 

1. A radiation detector receiving incident radiation from a 



rial 138, (preferably resin), to guide the luminescent radia- io source, said radiation detector comprising: 



tion from the luminescent material to the radiation sensing 
element and to mitigate undesirable refraction of the lumi- 
nescent radiation. 

In the embodiments as illustrated in FIGS. 1-6, 13 the 
photodiodes may be solid state photodiodes, including semi- 15 
conductor photodiodes. The radiation sensing elements are 
not limited to photodiodes; other elements may include CCD 
arrays, photomultiplier tubes, solid state infrared (IR) 
detectors, photovoltaic IR detectors and photoconductive IR 
detectors. In a preferred embodiments, the photodiodes are 20 
silicon photodiodes. The photodiodes could also include an 
avalanche photodiode. In another embodiment, the photo- 
diode is a germanium photodiode. In this embodiment, the 
luminescent material is selected to absorb in the visible light 
region and luminesce in the near IR region. The luminescent 25 
material being selected from the group consisting of 
polythiophene, poly(paraphenylene vinylene) and poly 
(paraphenylene ethynylene). 

In the embodiments as illustrated in FIGS. 1-6, 13 the 
luminescent material layers may be selected from the class 
of luminescent materials that include polymers, oligomers, 
copolymers and porphyrines. Polymers include those 
referred to as conducting polymers, pi-bonded conjugated 
polymers such as carbon backbone polymers, and sigma- 
bonded conjugated polymers called polysilanes such as 
silicon backbone polymers. In certain applications, silicon 
backbone polymers may be preferred because of the higher 
absorption in the UV range. In one embodiment, the polymer 
is a carbon backbone polymer. In a preferred embodiment, 
the carbon backbone polymer is poly(2,5-diheptyloxy-l,4- 40 
phenylene). In a most preferred embodiment, the carbon 
backbone polymer is poly [2,7'-(9,9-dioctylfluorene)]. 

In further embodiments, the pi-bonded conjugated poly- 
mer is selected from the group consisting of di-substituted 
polyacetylene, polyfluorene, and substituted poly 45 
(paraphenylene -vinylene). In certain applications, oligomers 
may be preferred because oligomers do not require poly- 
merization. In still another embodiment, the luminescent 
material is a copolymer of di-substituted polyacetylene, 
polyfluorene, and substituted poly(paraphenylene- vinylene). 50 
In another embodiment, the polymer is a copolymer of 
sigma-bonded and pi-bonded conjugated polymers. In a yet 
further embodiment, said copolymer is polypheny lene- 
ethynylene-silane). 
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(a) a radiation sensing element; 

(b) a layer of luminescent material interposed between 
said radiation sensing element and said incident radia- 
tion source; 

(c) said luminescent material being selected from the 
group consisting of polymers, oligomers, and 
copolymers, wherein the active material in said lumi- 
nescent material forms the backbone of the polymer, 
oligomer or copolymer chain or the active material is a 
side group attached to the polymer, oligomer or copoly- 
mer chain; 

(d) said luminescent material being selected to absorb 
radiation at a selected range of absorbing wavelengths, 
to luminesce at a selected range of luminescing 
wavelengths, and to be transparent at wavelengths 
longer than said selected absorbing wavelengths; 

(e) and said luminescent radiation being detected by said 
radiation sensing element. 

2. A radiation detector as recited in claim 1 wherein said 
polymer is selected from the group consisting of conducting 
polymers, pi-bonded conjugated polymers and sigma- 
bonded conjugated polymers. 

3. A radiation detector as recited in claim 2 wherein said 
pi-bonded conjugated polymer is selected from the group 
consisting of di-substituted polyacetylene, polyfluorene, and 
substituted poly(phenylene-vinylene). 

4. A radiation detector as recited in claim 2 wherein said 
pi-bonded conjugated polymer is a carbon backbone poly- 
mer. 

5. A radiation detector as recited in claim 4 wherein said 
carbon backbone polymer is poly(2,5-diheptyloxy-l,4- 
phenylene). 

6. A radiation detector as recited in claim 4 wherein said 
carbon backbone polymer is poly [2,7'-(9,9- 
dioctylfluorene)]. 

7. A radiation detector as recited in claim 2 wherein said 
sigma-bonded conjugated polymer is a silicon backbone 
polymer. 

8. A radiation detector as recited in claim 1 wherein said 
polymer is selected from the group consisting of 
polythiophene, poly(paraphenylene vinylene) and poly 
(paraphenylene ethynylene). 

9. A radiation detector as recited in claim 1 wherein said 



In the embodiments as illustrated in FIGS. 1-6, 13 the 55 copolymer is selected from the group consisting of 



luminescent material layers may be a thin film deposited on 
the radiation sensing element utilizing well known tech- 
niques including, but not limited to, spin casting, sputtering, 
chemical vapor deposition, and evaporation from solution. 
The luminescent material layers may also be thicker material 
layers as desired for the particular application. The layers 
may be formed directly onto the surface of the radiation 
sensing elements, or contained as separate elements inter- 
posed between the radiation sensing element and source of 



di-substituted polyacetylene, polyfluorene, and substituted 
poly(paraphenylene vinylene). 

10. A radiation detector as recited in claim 1 wherein said 
copolymer is a copolymer of sigma- and pi-bonded conju- 

60 gated polymers. 

11. A radiation detector as recited in claim 1 wherein said 
copolymer is poly(phenylene ethynylene silane). 

12. A radiation detector as recited in claim 1 wherein said 
radiation sensing element is selected from the group con- 



incident radiation. These luminescent material layers may be 65 sisting of photodiodes, charge-coupled device (CCD) arrays, 
used in conjunction with other optical layers, films and photomultiplier tubes, solid state infrared (IR) detectors, 
coatings that are well known in the art to provide additional photovoltaic IR detectors and photoconductive IR detectors. 
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13. A radiation detector as recited in claim 12 wherein 
said photodiode is a solid state photodiode. 

14. A radiation detector as recited in claim 13 wherein 
said solid state photodiode is a semiconductor photodiode. 

15. A radiation detector as recited in claim 14 wherein 
said semiconductor photodiode is a silicon photodiode. 

16. A radiation detector as recited in claim 14 wherein 
said semiconductor photodiode is an avalanche photodiode. 

17. A radiation detector as recited in claim 14 wherein 
said semiconductor photodiode is a germanium photodiode. 

18. A radiation detector as recited in claim 1 wherein said 
selected range of luminescing wavelengths is selected from 
the visible to infrared spectrum. 

19. A radiation detector as recited in claim 1 wherein said 
selected range of absorbing wavelengths is selected from the 
ultraviolet to visible spectrum. 

20. A radiation detector as recited in claim 1 wherein said 
luminescent material layer is a thin film deposited on said 
radiation sensing element. 

21. A radiation detector as recited in claim 20 wherein 
said thin film is deposited via spin casting. 

22. A radiation detector as recited in claim 20 wherein 
said thin film is deposited via sputtering. 

23. A radiation detector as recited in claim 20 wherein 
said thin film is deposited via chemical vapor deposition. 

24. A radiation detector as recited in claim 20 wherein 
said thin film is deposited via evaporation from solution. 

25. A radiation detector as recited in claim 1, further 
comprising: 

(a) a transparent casing; said layer of luminescent material 
being contained within said transparent casing; 

(b) and wherein said layer of luminescent material is a 
liquid polymer. 

26. A radiation detector as recited in claim 25, wherein 
said transparent casing has inlet and outlet ports for replen- 
ishment and removal of said liquid polymer. 

27. A radiation detector as recited in claim 1, further 
comprising: means for encapsulating said radiation sensing 
element and said layer of luminescent material to guide said 
luminescent radiation to said radiation sensing element and 
to mitigate undesireable refraction of said luminescent radia- 
tion. 

28. A radiation detector as recited in claim 27, wherein 
said encapsulating means comprises resin. 

29. A radiation detector apparatus receiving incident 
radiation from a source, said radiation detector apparatus 
comprising: 

(a) first and second photodiodes; 

(b) a layer of luminescent material interposed between 
said first photodiode and said incident radiation source; 

(c) said luminescent material being selected from the 
group consisting of polymers, oligomers, and 
copolymers, wherein the active material in said lumi- 
nescent material forms the backbone of the polymer, 
oligomer or copolymer chain or the active material is a 
sidegroup attached to the polymer, oligomer or copoly- 
mer chain; 

(d) said luminescent material being selected to absorb 
radiation at a selected range of absorbing wavelengths 
to luminesce at a selected range of luminescing 
wavelengths, and to be transparent at wavelengths 
longer than said selected absorbing wavelengths, said 
luminescent radiation being detected by said first pho- 
todiode; 

(e) and means for comparing the signals from said first 
and second photodiodes whereby a difference in signals 
denotes presence of radiation at the selected wave- 
length. 
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30. A radiation detector receiving incident radiation from 
a source, said radiation detector comprising: 

(a) first and second photodiodes; 

(b) a detecting layer interposed between said first photo- 
diode and said incident radiation source; said detecting 
layer comprising a layer of luminescent material, a 
second photodiode, and means to shield said second 
photodiode from said incident radiation; 

(c) said luminescent material being selected from the 
group consisting of polymers, oligomers, and 
copolymers, wherein the active material in said lumi- 
nescent material forms the backbone of the polymer, 
oligomer or copolymer chain or the active material is a 
sidegroup attached to the polymer, oligomer or copoly- 
mer chain; 

(d) said luminescent material being selected to absorb 
radiation at a selected range of absorbing wavelengths, 
to luminesce at a selected range of luminescing 
wavelengths, and to be transparent at wavelengths 
longer than said selected absorbing wavelengths, said 
luminescent radiation being detected by said first pho- 
todiode; 

(e) and said second photodiode being disposed adjacent to 
said luminescent material layer to detect said lumines- 
cent radiation that has been directed to said second 
photodiode via wave guide action in said luminescent 
material layer. 

31. A radiation detector as recited in claim 30, further 
comprising: 

(a) a plurality of additional luminescent material layers 
interposed between said first photodiode and said inci- 

- dent radiation source, wherein each additional lumi- 
nescent material layer is selected to absorb and lumi- 
nesce at a different wavelength; 

(b) and a plurality of additional photodiodes, with each 
said additional photodiode disposed adjacent to each 
said additional luminescent material layer to detect said 
luminescent radiation that has been directed to each 
said additional photodiode via wave guide action in 
each said additional luminescent material layer. 

32. A radiation detector receiving incident radiation from 
a source, said radiation detector comprising: 

(a) a photodiode; 

(b) a plurality of material layers interposed between said 
photodiode and said source of incident radiation, said 
material layers having an innermost material layer 
(immediately adjacent to said photodiode) and outer 
material layers (not immediately adjacent to said pho- 
todiode; 

(c) the innermost material layer being a luminescent 
material selected to absorb radiation at a selected range 
of absorbing wavelengths, to luminesce at a selected 
range of luminescing wavelengths, and to be transpar- 
ent at wavelengths longer than said selected absorbing 
wavelengths, said luminescent radiation being detected 
by said photodiode; 

(d) said luminescent material being selected from the 
group consisting of polymers, oligomers, and 
copolymers, wherein the active material in said lumi- 
nescent material forms the backbone of the polymer, 
oligomer or copolymer chain or the active material is a 
sidegroup attached to the polymer, oligomer or copoly- 
mer chain; 

(e) and the outer material layers being selected to allow 
only radiation at the selected wavelength to be directed 
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to said innermost material layer, said outer material 
layers serving as an interference filter. 

33. A radiation detector as recited in claim 32, wherein 
said outer material layers are composed of polymer mate- 
rials. 

34. A radiation detector as recited in claim 32, wherein the 
outer material layer closest to said source of incident radia- 
tion has been selected to have high omittance in the infrared 
region. 

35. A radiation detector as recited in claim 32, further 
comprising a protective material layer interposed between 
said interference filter and said source of incident radiation. 

36. A radiation detector as recited in claim 35, wherein 
said protective material layer is a polymer material. 

37. A radiation detector as recited in claim 35, wherein 
said protective material layer is sapphire. 

38. A radiation detector array receiving incident radiation 
from a source, said radiation detector array comprising: 

(a) a plurality of photodiodes; 

(b) a plurality of luminescent material layers, each said 
luminescent material layer being interposed between 
each said photodiode and said incident radiation 
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(c) said luminescent material being selected from the 
group consisting of polymers, oligomers, and 
copolymers, wherein the active material in said lumi- 
nescent material forms the backbone of the polymer, 
oligomer or copolymer chain or the active material is a 
sidegroup attached to the polymer, oligomer or copoly- 
mer chain; 

(d) and said luminescent material layers being selected to 
absorb radiation at a selected range of absorbing 
wavelengths, to luminesce at a selected range of lumi- 
nescing wavelengths, and to be transparent at wave- 
lengths longer than said selected absorbing 
wavelengths, said luminescent radiation being detected 
by each said photodiode. 

39. A radiation detector array as recited in claim 38, 
wherein each luminescent material layer absorbs at the same 
radiation wavelength. 

40. A radiation detector array as recited in claim 38, 
wherein each luminescent material layer absorbs at a dif- 
ferent radiation wavelength. 
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